Electron probe microanalyses of relic clinopyroxenes of Paleozoic greenstones from the Tamba district, southwest Japan, suggest that the original rocks were derivatives of various types of magma, ranging from tholeiite through normal alkali to peralkali basalts. On the other hand, bulk chemical analyses of rocks indicate that they would have been mostly of the alkali basalt series. The discrepancy between the pyroxene chemistry and the bulk composition of rocks may have resulted from the chemical changes which the greenstones have suffered during the metamorphism.
INTRODUCTION
Chemical analyses of Paleozoic green stones from some areas of southwest Japan suggest that the original rocks would have been largely basalts and derivatives of vari ous types of magma (Uchida, 1967; Tanaka, 1970; Hashimoto et al., 1970; Suzuki et al., 1971; Shiida et al., 1971) . But it is ques tionable whether the rocks have retained their original composition, because they have usually suffered metamorphism whose grade ranges from the pumpellyite to the epidote-actinolite facies. Particularly the changes of amounts and ratios of alkalies would seriously affect the conclusion based on the bulk chemical analyses of such meta morphosed greenstones.
On the other hand, clinopyroxenes of the original igneous rocks have been com monly preserved in a fresh state when the metamorphic grade did not reach that of the actinolite zone. Chemical composition of these relic clinopyroxenes may also give clues as to the nature of magmas from which the original rocks of greenstones were deriv ed.
The present writer showed that the relic clinopyroxenes of the Sangun metamor phic rocks of the Katsuyama district were comparable with those of alkali basalts in respect to their Ca/Fe/Mg ratios inferred from the optical properties (Hashimoto, 1964 (Hashimoto, , 1968 . Similar studies have been made on Paleozoic greenstones of other terranes (Suzuki, 1967; Kanisawa, 1971; Hashimoto, 1971) .
The clinopyroxenes, however, frequent ly show the hour-glass extinction and the purplish color under the microscope. There fore they may contain appreciable amounts (Manuscript received, May 22, 1972) of TiO2. It is difficult to estimate chemical composition of such titaniferous clinopyro xenes from their optical properties. So the direct chemical analysis is desirable.
The electron proble microanalyses were made on relic clinopyroxenes of greenstones in the Upper Paleozoic Tamba and Mikabu terranes of southwest Japan. This paper gives the results and some remarks on the magmas from which the original igneous rocks of these greenstones were derived.
The analytical work was done in the electron microprobe laboratory of Depart ment of Geology, Kanazawa University.
The writer wishes to express his sincere thanks to Prof. M. Yamasaki, Prof. S. Banno and students of the department for their kind help and suggestions. Thanks are also due to Dr. N. Kashima and Dr. Y. Saito for their intimate cooperation in the geologic part of this study. (Hashimoto and Saito, 1970; Hashimoto et al., 1970) . Greenstones are weakly metamorphosed basalts, diabase and basic pyroclastic rocks. The main primary minerals of these green stones are plagioclase and clinopyroxene. Most of the plagioclase have been recrystal lized into sodic variety which is associated with pumpellyite and/or epidote. But the clinopyroxenes have not suffered replace ment, excluding those in the rocks of the epidote-actinolite zone.
Relic clinopyroxenes from 10 nonpor phyritic basalts and microgabbros showing ophitic or subophitic texture were analysed by means of the electron probe microanaly ser, using the oxide standards except the synthesized CaMgSi2O6 for CaO. The analy ses given in Table 1 are the averaged compo sitions of a few clinopyroxene grains in each specimen. Fig. 3 shows the localities of greenstones whose relic clinopyroxenes were analysed. Most of the analysed pyroxenes are augite and salite and those which are characteristic of alkali basalt in respect to the Ca/Fe/Mg ratios. Some of them contain appreciable amounts of TiO2 along with Al2O3, as expected from the microscopic ob servation. Composition of such pyroxenes is not sufficiently illustrated by the pyro xene quadrilateral. Kushiro (1960) showed that the ratio Ti/Al of igneous clinopyroxenes varies in relation to the magma series to which their host rocks belong. Clinopyroxenes of tholei ite are relatively poor in both Ti and Al, while those of feldspathoidal rocks are rich in the two elements. Pyroxenes of fedispa thoid-free alkali rocks are intermediate be tween the above-mentioned two groups. According to LeBas (1962) , the weight percentages of SiO2 and Al2O3 in igneous clinopyroxenes change antipathetically to each other. The SiO2 content decreases with increasing Al2O3 as the type of magma varies from tholeiite through normal alkali to peralkali basalts. Fig. 2 shows the Le Bas' plots of the analysed relic pyroxenes of the Tamba greenstones (Nos. 1 to 10). In this diagram, too, the composition field of the Tamba clinopyroxenes covers all the fields of tholeiitic to peralkali pyroxenes. The regional distribution of magma types inferred from the pyroxene chemistry of greenstones in the Tamba district is shown in Fig. 3 Thus the bulk chemical analyses sug gest that the magma which effused in the Paleozoic sedimentary basin of the Tamba district were principally of alkali basalt, whereas the chemistry of relic clinopyro xenes shows that the magma types of the original igneous rocks were various, ranging from tholeiite through normal alkali to peralkali basalts.
This discrepancy may have resulted from two causes. One is the fact that the analysed clinopyroxenes were not always those of the analysed greenstones. Some of the analysed greenstones are so fine-grained that they are not suitable for the study of relic clinopyroxenes. On the other hand , the unanalysed host greenstones of the studied clinopyroxenes are not fit for the examination of the bulk composition, be cause they carry appreciable amounts of recrystallized glassy parts and amygdules or veins filled with secondary minerals. In other words, the samples studied in the pyroxene chemistry and the bulk analysis were not all the same with one another. As a result, the two different kinds of study would have given the different conclusions. In one case, however, the pyroxene chemist ry and the bulk analysis are really inconsis tent. Pyroxene No. 3 which is that of tholeiite in the Ti-Al diagram of Fig. 1 was separated from rock No. I of the previous report whose plot falls in the alkali basalt field of the (Na2O+K2O)-SiO2 and Al2O3-(Na2O+K2O)-SiO2 diagrams (Hashi moto et al., 1970) .
The second cause is the metasomatism which the rocks would have suffered. The amounts and ratios of alkalies may have changed at least slightly during the meta morphic recrystallization. Consequently, it is possible that some rocks which were ori ginally tholeiitic have become alkalic or vice versa. But, even in such cases, clinopyro xenes have been chemically unchanged and retain their original nature of the respective types of basalts.
Of the above-mentioned two causes the latter is more probable, because consider able chemical changes are common reported to occur in rocks which suffered low-grade regional or burial metamorphism (e. g Val lance, 1965; Smith, 1968; Cann, 1969; Reed and Morgan, 1971) . Table 2 . They are all diopsides poor in both TiO2 and Al2O3, so they are pyroxenes characteristic of tholeiite, according to Kushiro (1960) and LeBas (1962) .
Adtitional 4 analyses were made on relic clinopyroxenes of metabasalts and meta-microgabbros from the Saitaro forma tion in the Oozu-Nomura district, western Shikoku. As to the geology and petrology of greenstones of this district, the reader may refer to Kashima (1969) , Hashimoto and Kashima (1970) and Hashimoto et al. (1970) . According to Kashima (1969) , the Saitaro formation is geologically correlated with the Mikabu Green Rocks. The results of analysis are listed in columns 11 to 14 of Table 2. All the new analyses also show the chemical characteristics of the tholeiitic clinopyroxene. All the plots for these 6 analysed pyroxenes fall in the fields of tholeiitic ones of Kushiro's and LeBas' dia grams.
On the other hand, bulk chemical ana lyses of 5 greenstones, including 4 whose relic clinopyroxenes were studied, of the Saitaro formation are poor in alkalies, par ticularly in K2O, as compared with the SiO2 and Al2O3 contents. Their plots fall in the theoleiite field of Kuno's (Na2O+K2O)-SiO2 and Al2O3-(Na2O+K2O)-SiO2 dia grams (Hashimoto et al., 1970) . Analyses of the Mikabu greenstones made by the other investigators also show that the origi nal rocks were tholeiitic (e.g. Suzuki et al., 1971) . Consequently, in the case of the Mikabu rocks, there is no discrepancy be tween the pyroxene chemistry and the bulk composition. Kawachi and Watanabe (1972) , how ever, stated that relic clinopyroxenes from metabasalts of the Mikabu terane of Nagano Prefecture, central Japan, showed chemical features of pyroxenes of normal alkali basalt in Kushiro's and LeBas' diagrams, but pyro xenes of metagabbros intruded into the metabasalts were those of tholeiite. Accord ing to them, in the Mikabu Green Rocks only intrusive gabbros would have been the derivatives of tholeiite magma, while extru sive rocks are considered to have been the products of alkali basalt magma.
Clinopyroxene of a greenstone from the Paleozoic Chichibu belt was also analysed for comparison. The specimen came from the Futaiwa formation (probably Lower Permian) of the Oozu-Nomura district (Ka shima, 1969) . Bulk chemical analysis of the greentone is of alkali basalt (Hashimoto et al., 1970) , and the clinopyroxene also is that of normal alkali basalt, as shown in column 17 of Table 2 and Figs. 1 and 2 (No. 17).
CONCLUSION
One of the aims of the writer's study of Paleozoic greenstones is to clarify the variation in time and space of magma types within the sedimentary basins of this age in southwest Japan. Bulk chemical analyses, of course, give much valuable information about the chemical nature of the original igneous rocks and their parental magmas. But the greenstones have been usually affected by metamorphism of the pumpel lyite and epidote actinolite facies. There fore, it is uncertain whether the rocks retain their original chemical compositions.
Accordingly, it would be better to ex amine relic minerals, particularly clinopyro xene, because it is the only mineral which is preserved in a fresh state in these green stones. Table  3 .
